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Abstract

:

This work provides an overview of a Spanish survey on research data, which was carried out within the framework of the project Datasea at the beginning of 2015. It is covered by the objectives of sustainable development (goal 9) to support the research. The purpose of the study was to identify the habits and current experiences of Spanish researchers in the health sciences in relation to the management and sharing of raw research data. Method: An electronic questionnaire composed of 40 questions divided into three blocks was designed. The three Section s contained questions on the following aspects: (A) personal information; (B) creation and reuse of data; and (C) preservation of data. The questionnaire was sent by email to a list of universities in Spain to be distributed among their researchers and professors. A total of 1063 researchers completed the questionnaire. More than half of the respondents (54.9%) lacked a data management plan; nearly a quarter had storage systems for the research group; 81.5% used personal computers to store data; “Contact with colleagues” was the most frequent means used to locate and access other researchers’ data; and nearly 60% of researchers stated their data were available to the research group and collaborating colleagues. The main fears about sharing were legal questions (47.9%), misuse or interpretation of data (42.7%), and loss of authorship (28.7%). The results allow us to understand the state of data sharing among Spanish researchers and can serve as a basis to identify the needs of researchers to share data, optimize existing infrastructure, and promote data sharing among those who do not practice it yet.
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1. Background


Scientific research can be improved through the management and exchange of research data. Sharing data allows creative innovation from archival data sets, the generation of new knowledge and promotion of new discoveries, the formulation of new hypotheses, the creation of new meaning by connecting existing data sets, and the verification of results [1,2,3]. The principles on which data sharing is based are receiving increasing support from funding agencies due to growing interest in getting the highest possible return on investment, both in terms of the quality of the products derived from research and in the reuse of data [4,5,6].



Research data are a valuable resource that requires much time and money to be produced. The reuse of research data contributes to the sustainability of research systems by providing a new use for the data that is released. In this sense, the contribution of open data to sustainable development goals is undeniable [7]. In particular, the sharing of research data can not only produce more sustainable research, but also accelerate the innovation mentioned in goal 9 of The Sustainable Development Goals of the United Nations (https://www.un.org/sustainabledevelopment/infrastructure-industrialization/): “Build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation”. Many data have significant value outside of the initial investigation. The virtues of open data and the benefits of sharing them are now firmly established in the literature, despite limited implementation [8,9,10,11,12].



The existing literature states that data-sharing practices in most scientific areas are currently minimal, with researchers being more likely to reserve their data than to share it publicly [13,14,15,16,17]. One of the aspects that should be investigated is what the current practices of Spanish researchers are in this process. To understand and assess these practices, the objective of this survey is to identify the habits and current experiences of Spanish researchers in relation to the management and exchange of raw research data, as well as their motivations for sharing, the circumstances that prevent or make data sharing difficult, and the technical support and infrastructure needed for implementation. We also try to understand the determinants of individual Spanish researchers’ motivation to publish their research data, as well as the challenges in accessing, extracting, and using data from open data initiatives.




2. Methods


An electronically based questionnaire was designed to collect data about the Spanish researchers’ data-sharing experiences and practices. The questionnaire was based on the previous experience of the research team and other validated surveys that have already been performed at universities and research institutions in other countries [14,15,16,17,18,19,20,21,22,23,24]. The questionnaire included 40 items comprising open-ended and multiple-choice questions organized into the following Section s (see Supplementary Materials at the end of Concluding Remarks Section Table 1):



Section A includes questions about personal data and the following variables: age, sex, position, years of active research, name of the centre of research and subject area, i.e., Health Sciences (HS), Social Sciences (SS), Arts and Humanities (AH), and Physics and Technology (PT).



Section B addresses the creation and reuse of data and investigates several topics: the existence of policies or management plans in the institution; the reasons why these were developed or why they do not exist; who in the group is responsible for managing the data; where the data are stored; and what type of data backups are made. The researchers were also asked if they would like to use the unpublished research data of other researchers with whom they were not collaborating and what means could be used to locate them; what external data they usually use; if they had ever been asked for data by other researchers or if they had received an open data request; and any problems or prejudices they had to share.



Section C was designed to investigate data preservation practices after the project was finished: threats that can be derived from sharing data; how to store them to preserve their access and future; appropriate places to preserve them; the existence of plans in the institution for the creation of a data repository for their storage and preservation; the existence in the discipline of guidelines or recommendations for preserving data; the importance of preservation; and, finally, if the institution provides help to carry out data management throughout its cycle.



The final wording of the questions and their grouping in each Section was discussed in the working group. After being assessed by the Ethics Review Board of the University of Valencia, the research team decided to include this text in the survey introduction: “The answers collected in this questionnaire do not involve the processing of personal data. Your answers do not allow to identify you and, in those cases in which exceptional circumstances allowed, it is expressly warned. In any case, the researchers undertake not to carry out any type of re-identification”. The questionnaires were sent to the Vice Chancellors of Research of Spanish Universities so it could be distributed by email among the members of their university communities. The implementation period was from January 19 to March 31, 2015. The data were statistically analyzed using descriptive and inferential statistics by means of the statistical software SPSS.




3. Results


After the distribution of the questionnaires, a total of 1063 individual questionnaires were received. In the following chapters, the results are presented according to the three Section s in which the 40 survey questions were grouped.



3.1. Personal Data


Of the 1063 professionals who responded to the questionnaire, 663 were men (62.4%) and 400 were women (37.6%). The distribution by area of knowledge is described in Table 1. According to the number of years of research experience, the distribution was as follows: 36.6% had more than 20 years; 30.8% from 11 to 20 years; 18.3% from five to 10 years; and 14.4% less than five years.




3.2. Creation and Reuse of Data


3.2.1. Existence of Data Management Policies


The question regarding whether in the research projects in which the researcher has participated there was a data management policy or plan was answered as follows (Figure 1): the most frequent response was that “no data management policy or plan is available” (54.9%); 24.5% replied that “there are units where data are stored for the use of the research group”; 27.8% of the respondents reported on “the existence of rules of anonymization and confidentiality policies”; “the existence of rules for the protection of intellectual property rights” came in at 20.1%; and other responses, such as “there are authorization levels to access and modify data” and “data are deposited in external repositories or data banks”, obtained percentages less than 20%.



By area of knowledge, the most widespread response in all areas was the absence of a data management policy or plan. However, the second most common response in HS and SS was “the existence of rules of anonymization and confidentiality policies”, while in PT and AH it was “the existence of units where data are stored for the use of the research group”.




3.2.2. Reasons for Developing the Data Policy


The most important reasons for developing data policy differed from area to area (Figure 2). The most frequent responses in HS were “requirement of the financing entity of the project”, followed by “absence of an institutional data management policy”. In SS, if we exclude “other answers”, the most frequent responses were “one day we lost all the data or we cannot use the data from old projects for lack of software or hardware”, followed by “requirement of the financing entity of the project”. In AH, the responses were “complexity or volume of data associated with the project” and “absence of an institutional data management policy”. Finally, the most frequent responses in PT were “one day we lost all the data…” and “size of the project team”.




3.2.3. Devices Usually Used for Data Storage


In this case, the answers were on researchers’ local computers or on instruments or sensors (81.5%), followed by portable storage units (such as USB sticks or DVDs) (53%), institutional network servers (24.2%), and external storage services (cloud) (23.7%) (Figure 3).




3.2.4. Sources Used to Locate and Access Other Researchers’ Data


The answer “contact with colleagues” was the most frequent choice in all groups for years of research, followed by “general search engines (Google, Yahoo, etc.)”. This second option was more frequent among researchers who had been researching for less than 5 years than in the other groups. It is striking that one of the least popular options was “documentation or archive centers (World Data Center, DANS, National Archives...)”. With respect to area of knowledge, “I do not use data from others” was the most frequent option in HS and SS. In HS, this was followed by “additional material associated with the article on the platforms of the journals”, while in SS it was followed by “institutional database and search utilities”. In AH, if we exclude “other responses”, the most frequent were “websites of authors/research groups” and “general search engines”, and the same answers predominate in PT (Figure 4).




3.2.5. Data Availability


When asked “Would you like to use research data from other researchers with whom you do not collaborate?” Most respondents in all groups said they would, with percentages close to 90% among junior researchers and somewhat lower among senior researchers. When asked “Do you currently use unpublished research data from other researchers with whom you do not collaborate?”, most respondents (59.9%) stated “my data are available to my research group and research collaborating colleagues”. The other responses obtained much lower percentages: 18.5% for the response “I do not share my data, but I would like to do so in the future”; 15.1% for the response “my data are open to everyone”; and 10.9% for the response “my data may be available with appropriate changes (e.g., anonymous clinical data or with the obligation to cite them)”. Only 5.4% responded that they did not share their data and did not want to do so in the future.




3.2.6. Fears about Sharing


The question “What worries you when sharing data in an external service?” obtained the following answers, in descending order (Figure 5): 47.9% claimed “legal questions: confidentiality and intellectual property rights”; a percentage close to the previous one, 42.7%, stated “misuse or interpretation of data”; the answer “loss of authorship” worried 28.7% of the respondents; concerns about “wasting time making them available” worried 27.8%; and 24.3% responded “fear of losing the lead in research”. The most frequent responses in all areas apart from AH were also “legal issues” and “misuse or interpretation of data”. In HS and SS, the third concern was “loss of authorship”, while in AH and PT, it was “wasting time making data available”.





3.3. Preservation of Data


The questions in this Section asked about the threats perceived by researchers related to their research data.



Most respondents in all areas did not consider it a threat that “users may be unable to understand or use the data (e.g., semantics, formats, or algorithms needed to use the data)”. They also did not consider “the lack of sustainable computer software, hardware, or support” to be a threat, nor that “the origin and authenticity of the data may be uncertain”. However, “restrictions on access and use of data for intellectual property reasons”, “the loss of ability to locate data”, and the fact that “the current custody of the data, in an organization or project, may cease to exist at some point in the future” were considered threats (Figure 6).



With respect to subject area, access and use restrictions, and loss of ability to locate data were of particular concern to HS, SS, and PT researchers. Data safekeeping was a concern in all areas, but less so in AH. The concern about trust in the data custodian showed mixed results but was more of a concern in HS.



In the topics concerning data preservation, it is interesting to know how research data are stored to preserve their future access and use. When asked “Where do you think it is most appropriate for research data to be preserved and shared?”, the answers were clearly different from the previous question, with personal computers receiving approval from only 1.7% of respondents. More than half of the respondents indicated that the organization’s repository was the appropriate place (56.6%), a quarter responded as an attachment to a scientific article published by a journal, and a quarter stated “in an external service specialized in my discipline”. Only 17% preferred to preserve and share data through an external service specializing in generalist data.



With regard to the existence of data storage infrastructure, 87% of respondents indicated that they were unaware of their existence, compared with 10.7% who indicated that they were aware of their existence. The results were the same when researchers were asked who provided guidelines or recommendations for preserving data in their discipline, as researchers did not know, although some of them believed that this information should be provided by scientific societies and professional associations.



Another set of questions inquired about the reasons for preserving the data, with the following potential responses (Figure 7): (a) If the research is publicly funded, the results should become public property and, therefore, be properly preserved; (b) it stimulates the advancement of science based on existing knowledge; (c) it serves to validate investigations; (d) it allows the re-analysis of existing data; (e) it can stimulate interdisciplinary collaborations; (f) it has potential economic value; and (g) data are unique and irreplaceable. Most researchers responded positively to these statements. The evaluation was more positive (strongly agree) for the first four assertions, while the assertions referring to “the potential economic value of the data” and “data are unique and irreplaceable” obtained a lower evaluation (disagreement).





4. Discussion


This survey provides an assessment of data-sharing perceptions and practices from a sample of 1063 Spanish researchers in several scientific areas, including the barriers and enablers that could be considered in improving the open data system. Through this understanding of the barriers and concerns preventing scientists from being willing to publish their data, policy makers and managers of data could design open data systems to provide adequate infrastructure, policies, and best practices that would help to promote global data sharing and to build researchers’ confidence in this practice [8,14]. It is essential to highlight that the development of open access to research data is influenced not only by new methods, management structures, and technologies but also by the human aspect. The willingness and attitude of the researchers and owners of the data with respect to participating in the creation of this global network through the exchange of data are crucial for its development and maintenance. It is based on these assumptions that this survey is framed.



4.1. Literature Review and Comparison with Other Studies


Our survey has common features when compared to other studies that pointed out that researchers have the upper hand in deciding to release or withhold data for various reasons, such as the time needed to prepare the data for sharing, lack of resources, reputation, or financial concerns [8,15,25]. In a mailed survey of geneticists and other scientists at the 100 US universities that received the most funding from the National Institutes of Health in 1998, 83% of respondents reported that it required too much effort to produce materials for sharing and 53% that they were protecting their own ability to publish [26]. However, Smith and Roberts [3] argue against all these impediments and indicate that, since in the health sciences data are often provided by patients on a disinterested basis, it would be unethical for them to be the property of individual researchers to use to advance their careers, and they should be available for the wider scientific community.



Our results have also some similarities with a study commissioned by the Wellcome Trust that investigated the attitudes and behavior of 583 researchers towards data sharing. In this study, 50% of researchers made research data available, usually through institutional repositories; 25% of researchers had never reused existing data; data for reuse were obtained from colleagues, repositories, or directly from the creator; and the main reasons for making the data available were the requirements of funders and journals, as these are considered to be good research practices, to facilitate collaboration and to facilitate validation and duplication of data [24].



Some of the results of this survey are in line with those found in other studies. Aitken et al. [27], in a systematic review of sharing health data for research, conclude that there are low levels of knowledge of current practices and uses of the data and point to the need for greater awareness among all stakeholders, combined with public deliberation on data sharing. Levin et al. [28] conducted in UK an analysis of in-depth interviews to researchers in biology and bioinformatics and identified some core themes that characterize researchers’ understanding of openness in science, including “the existence of repositories for data, software, and models to carry it out; the competitiveness of academic fields; the digital nature of research; the credit system; career structures in academic research; collaborations with industrial partners and attempts at commercialization; and guidelines for intellectual property” [28]. They conclude that it is necessary to take into account the diversity and contextual nature of openness in policies and recommendations, given the heterogeneity of data formats, sizes, standards, and repositories. For example, adopting open data policies that are too rigorous may have negative effects on scientific research by forcing scientists to disclose results and resources in ways that they deem useless or inappropriate or by requiring openness at a stage of research where it is more likely to hamper than encourage progress [28]. In the study commissioned by the Wellcome Trust, the main incentives to make more data available in the future are funding to cover the cost of data preparation, enhancement of academic reputation, knowing how others will use the data and data sharing being taken into account in future funding and career promotion decisions [24]. In the same study, 47% indicated the need for data storage support, 57% for technical support, and 51% for data management support.



One of the most discussed topics in the literature is the barriers to data sharing and action measures to overcome them [8,29,30]. In a systematic review of barriers to data sharing in public health, up to 20 barriers were classified as technical, motivational, economic, political, legal, and ethical [30]. The researchers who responded to our survey essentially agree with those in other studies in pointing out three concerns: that the legal and intellectual property aspects are regulated; the fear that others will misinterpret the data and that this will prejudice them; the concern that other researchers will publish the results sooner. These opinions are repeated in practically all areas of knowledge. The technical, economic, and motivational barriers depend on solving other challenges in the research system, while the political, ethical, and legal barriers require other approaches of consensus among all those involved in the research system. A similar classification has been offered in another study, emphasizing the critical challenges facing individual researchers in publishing their research data openly and the extent to which these challenges influence the propensity of researchers to openly share their data sets. This study found two key determinants that affect researchers’ willingness to publish their data. The first is processes related to data management (management skills and organizational support). The second is the legal recognition of authorship for the producer of the data set [8]. In the study commissioned by the Wellcome Trust, the main perceived barriers to sharing data were fear of misuse or misinterpretation, fear of losing publication opportunities, and time and effort to prepare and deposit data [24]. Ultimately, one of researchers’ concerns is the fear that other researchers using the data will find procedural errors, different results, or omissions in the original work that would undermine their work [8,31,32], although this could largely be avoided by ensuring the quality of the data.



It has been observed that most obstacles to data sharing tend to be mainly related to technical and organizational issues, in line with what has been found in other studies [33,34]. Therefore, many obstacles could be remediable with some interventions, such as providing researchers with additional resources to disseminate their research results after publication [26].



Another important topic that warrants attention is the need for recognition. The survey results commissioned by the Wellcome Trust showed that 90% of respondents agreed on the importance of recognizing data providers. Recognition could take many forms: collaboration, co-authorship, formal recognition, and appropriate citation [8].



On the other hand, there is an urgent need to define the legal aspects related to the authorship or intellectual ownership of data and respect for privacy when dealing with sensitive material. In the opinion of the respondents, the official bodies should be the driving force behind this movement and the creation of the necessary infrastructure.




4.2. Concluding Remarks


This study provides a preliminary analysis of the determinants of the likelihood that Spanish researchers will publish their research data. The study of how Spanish researchers are sharing their data completes the landscape that is being drawn with surveys in other countries such as Austria [35,36] or in institutions already mentioned above. In this way, the data generated by Spanish research contributes to achieving the target postulated in objective 9.5 “Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries, […] encouraging innovation”.



The analysis identified three key determinants of the sharing of research data sets: first, the importance of developing technological and organizational tools to provide support to ensure the open publication of data; second, the importance of the formal recognition of data owners through opportunities for collaboration, formal recognition, and proper citation; third, the need for legal regulations and policies to support data reuse and attribution.



From the analysis of the results, it emerges that it is necessary to design and carry out awareness-raising campaigns aimed at professionals regarding the publication of their research data, but it is also necessary to create infrastructure to facilitate long-term data storage and conservation. Training campaigns in the culture of data sharing would also be desirable. There is also an urgent need to define the legal aspects related to authorship or intellectual ownership of data and respect for privacy when dealing with sensitive material. In the opinion of those surveyed, official bodies should be the driving force behind this movement and the creation of the necessary infrastructure.



Several implications can be deduced from the results of this work. One of them is the difficulties that researchers have when preparing their data, as they are unaware of the repositories that exist and their requirements, such as, for example, the types of metadata that must complement the data. Another implication is that for researchers, appreciation and acknowledgement are significant factors affecting their sharing behavior. Policies are needed to ensure appropriate recognition of the creator of the data and of those who are responsible for the reuse of the data and to take factors such as reputation into consideration [8]. Finally, as long as there is no legal obligation to deposit data, it is the researchers who have in their hands the decision to share their data or not, as well as what type and amount of data they will deposit.



All institutions involved in data sharing should work together to help researchers assess and determine what materials should be deposited, how, and at what stage of the research process. Libraries and documentation centers could provide specialist assistance for the development of data management plans or data infrastructure [37]. Universities could advise researchers on ethical and legal issues related to intellectual property and privacy. Public bodies could finance data sharing and encourage it by recognizing it as a research merit [8,28,37,38,39].



Researchers need to acquire minimal data management skills to be able to publish data openly. These data management skills are a significant predictor of data repositories or dedicated websites [8]. The development and preparation of quality data for publication is closely related to the incentives for researchers to carry out data sharing [8]. For some authors, the bottlenecks in data sharing occur due to the need to harmonize all topics related to data sharing [33,34].




4.3. Limitations and Future Research


This study attempts to provide a preliminary assessment of the determinants of Spanish researchers’ motivation to share data sets. As a preliminary assessment, this study recognizes several limitations that require future research. First, this study is based on the assumption that researchers have the freedom to decide whether to publish their raw research data, regardless of whether they are mandated to do so by their institutions or by the journals in which they published their research. Future research could identify whether there are differences in results between these cases. Second, we did not separately analyze and compare the responses of researchers who receive rewards for data sharing from those who do not, so future surveys may consider including this factor in the questionnaire. Third, the authors acknowledge that more research is needed to globally generalize these findings.
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Figure 1. Existence of data management policies. 
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Figure 2. Reasons for developing the data policy. 
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Figure 3. Devices usually used for data storage. 
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Figure 4. Sources used to locate and access other researchers’ data. 
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Figure 5. Fear of sharing research data. 
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Figure 6. Key threats to data sharing. 
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Figure 7. Reasons for preservation of data. 
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Table 1. Distribution of respondents by area of knowledge (*).
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	AREA
	N





	Health Sciences (HS)
	393



	Social Sciences (SS)
	315



	Arts and Humanities (AH)
	129



	Physics and Technology (PT)
	341



	TOTAL
	1178







(*) A single respondent might be included in more than one area.
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